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MODIFICATION OF PROTEIN PRODUCTION 



Fi'eld of invention 



The present invention is directed to a process for the 
production of a-interferon in human leukocytes induced by 
5 virus. More particularly the invention relates to a proc- 
ess of production of a-interferon in which process the 
leukocytes are treated with an enhancing agent . 



Background of the invention 

10 

The Interferons constitutes a family of proteins charac- 
terized by their non-specific antiviral and antiprolife- 
rative activity, a property that has made them useful as 
antiviral and -anticancer drugs. Interferons are produced 

15 and released Joy animal cells upon exposure to a variety 

of inducing agents, the most potent of which are viruses. 
They are classified into three types: a-Interf eron, (3- 
Interferon, and y-Interf eron, based on serological and 
structural relations. The use of interferons as therapeu- 

20 tic drugs dates back to the 1970 f s. Although all three 

types of interferons have been subject to evaluation, a- 
interferon has become most widely used for therapeutic 
purposes. Among the interferons of human origin, the a- 
interferons are divided into several subtypes, which are 

25 either encoded by different gene loci or alleles of tho- 
se, while there is only one subtype each of human (3- and 
Y-interf eron. The function of each subtype is still not 
clear, and the molecular or cellular targets of - tfieir an- 
tiviral and antineoplastic activities is thus not fully 

30 investigated. However, some in vitro studies have shown 
a larger biological effect when a mixture of different 
subtypes was used compared to using a single subtype only 
( Fan, S.X, Skillman, D.R, Liao, M-J, Testa, D. and Melt- 
zer, M.S. (1993) AIDS Res. And Human Retrovir. 9, 1115- 
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1122, Heim, A. , Brehm, C, Stille-Siegener , M., Muller, 
G., Hake, S, Kandolf, R. and Figulla, H-R. (1995) J. Mol. 
Cell Cardiol.. 27, 2199-2208). 

5 There are presently three major methods for industry- 
scale production of a-interf eron, all with fundamental 
differences in the cell system used. In the procaryotic 
systems, the gene coding for a single subtype, almost 
exclusively interferon a2, has been transferred to Esche- 

10 richia coli, whereby this protein is expressed by the 

bacteria and subsequently harvested ( Wessmann, C . , Haga- 
ta,S., Boll,W., et al (1982) Phil. Trans. Royal Soc. Lon- 
don, Series B: Biol. Sci. 299 7-28). This process for the 
production of a-interferon is referred to herein as 

15 "recombinant interferon". The bacterial cultures can be 
used for producing a-interferon at high efficiency, lea- 
ding to an economically advantageous alternative to cells 
of human origin. However, only one single subtype is pro- 
duced and the proteins are not modified (e.g. glycosyla- 

20 ted) in contrast to interferon ct2 that is produced in eu- 
karyotic cells. A clinical drawback encountered with the 
recombinant a-interferon products is their tendency to 
induce antibodies against a-interferon in some patients. 
These neutralising antibodies have in several publica- 

25 tions been shown to negatively affect the therapeutic 

treatment with recombinant a-interferon (Antonelli, G. , 
Simeoni, E . , Currenti, M . , DePisa, F. , Colizzi, V., Pis- 
tello, M., and Dianzani, F . , (1997) Biother 10, 7-14, 
Oberg, K. and Aim, G. (1997) Biother 10, 1-5) . 

30 

Al t e r n atively a-inter feron can be produced in human 

cells, either from established cell lines which are grown 
in vitro, or from primary cells, e.g., from peripheral 
leukocytes obtained as by-products from donated blood. In 

35 these case a mixture of a-interferon subtypes is obtai- 
ned, although different cell sources produce a different 
subtype pattern. (Goren, T., Fischer, D.G. and Rubinstein 

133'c.~ 12-22 14:*3^ G : \ V WT \ L I'C \ Ai-I L- \ L- 2 9 <?• v '3 2 . DC C 
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M. (1986) J. Interferon Res. 6, 323-329. Established cell 
lines are clones derived from human tumors or from cells 
that have been immortalised, e.g., by the treatment with 
Epstein^Barr virus. These cells divide and grow indefini- 
5 tely, in suitable media and under appropriate conditions. 
In contrast, interf eron-producing primary cells such as 
leukocytes do not divide and have a finite life span. 
Such cells are consequently in limited supply, and their 
availability is a limiting factor for large scale produc- 
10 tion of native leukocyte a-interf eron . Means for increa- 
sing the yield in the production process are therefore 
necessary - 

Eucaryotic cell systems produce very little or no a- 
15 interferon spontaneously. The use of an "inducer" is the- 
refore needed to initiate the production of a-interf eron 
by the cells. Consequently, a large number of factors ha- 
ve been reported to initiate the production of a- 
interferon in various in vitro cell systems or in vivo. 
20 The most common inducers are different viruses, but synt- 
hetic organic substances have also been shown to act as 
inducers for the production of a-interf eron . Some examp- 
les are leu-enkephalin and naloxone in vivo in mice 
(Gabrilovac, J., Ikic-Sutlic, M., Knezevic, N. and Pol- 
25 jak, L. (1996) Res. Exp. Med. 196, 137-144), neovir in 

vivo in mice (Mezentseva M., Narovlyansky , A., Kondratie- 
va, T and Ershov, F. (1997). J. Interferon Res. 17, 
Suppl.2, S94. Abstract), dipyridamole in vivo in humans 
(Galabov A.S. and Mastikova M. (1984) Biomed. Pharmacoth . 
30 38, 412-413), 2-amino-5-bromo-6-methyl-4-pyrimidinol (2- 

ABMP) and its derivatives in vivo in humans (US Patent No 

3,932,617, Stringfellow, D.A. , Vanderberg, H.C. and Weed, 
S.D. (1980) J. Interferon Res. 1, 1-14) and antraquinone 
derivatives in vivo in a variety of species (US patent 
35 4, 027,021). Ethanol is reported to induce 0-interferon 
production in Madin-Darby bovine kidney (MDBK) cells in 



the absence of other inducers (Chelbi-Alix, M.K. and 
Chousterman, S. (1992) J. Biol. Chem. 267, 1741-1745) . 



There are some examples where the production of a- 
5 interferon has been increased by ancillary reagents, ter- 
med herein as "enhancers", i.e., compound (s) which is/are 
capable of increasing the production of a-interferon in 
cells activated by an inducing agent, but does not itself 
induce production of a-interferon. Characteristic of an 

10 enhancer is that it can be added either before the agent 
that induces a-interferon, or after the induction has ta- 
ken place. Substances that are reported as enhancers of 
interferon production in human cells are, e.g., the cal- 
modulin inhibitor trifluoperazine used on fibroblasts 

15 (Lin, H-Y. and Thacore, H.R. (1990) J". Interferon Res. 
10, 375-378), dexamethasone used as a stimulator on a 
cell line of lymphoblastoid origin (US patent 4,266,024) 
and sodium butyrate, also used as a stimulant in a lym- 
phoblastoid cell line (EP 0097 353, EP 0000520) . Further- 

20 more, it has been reported that the purine derivative 

theophylline acts as an enhancer and increases the yield 
of a-interferon from mouse Lpa cells induced by poly I:C 
(Zahorska, R. , Korbecki, M. , and Barciszewski , J. (1995) 
Arch. Immunol. Ther. Exp. 43, 4 3-4 6), and the use of some 

25 synthetic organic compounds, preferably tetramethylurea 

(TMU) (European Patent No 0 097 353), or dimethylsulf oxi- 
de (DMSO) (US Patent No 4,266,024) has been shown to in- 
crease the a-interferon yield from a lymphoblastoid cell 
line treated with an inducer. 

30 

In the work leading to the present invention some of the 

substances which has been reported as inducers or enhan- 
cers when used in vivo or on fibroblasts and on a cell 
line of lymphoblastoid origin has been tested on human 

35 leukocytes, with the aim to increase the a-interferon 
production, both before or after induction with Sendai 
virus, but without any positive result on the yield of a- 
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interferon. In some experiments even a decrease in a- 
interferon production from human leukocytes was observed 
when adding compounds known as enhancers in cell lines. 
For instance, pre-treatment with sodium buty-rate has been 
5 described as a stimulant that leads to an increased yield 
of a-interferon in a lymphoblastoid cell line (European 
Patent No 0 097 353; European Patent No 0 000 520) . In 
the present work it was found that pre-treatment of pri- 
mary leukocytes with sodium butyrate according to a simi- 
10 lar procedure led to a decrease in the yield of a- 

interferons, which points at fundamental differences bet- 
ween cell lines and primary cells as production systems 
for a-interferon proteins. 

15 It is accordingly aiv obg eot—of the pBeaent- invention to 
p noivide^Ta m^impa^p ved^p r^o^e sts%*f o % r * . p ^xd'U^t^QFi^o f a- 
interf esont, -in human, leu»k©^^&e;s>^in dialed b.y# virus. 

S uiMa^ . o f . :t h,ea*»i nven tiignrr 

20 

The object of the invention is obtained by the process 
for the production of a-interferon as claimed in the 
claims . 

25 According to the invention there is provided a process 

for the production of a-interferon comprising the steps: 

i) inducing of human leukocytes by means of a virus, 

ii) treating -the leu*ko^cytes* with an enhancing agent se- 
lected from 

30 a) theophylline , 2-amino-5-bromo-6-me-thyl-4-pyrimidinol 

_and^thymd?r^e.;^ : . 

b) an organic solvent selected from the group consisting 
of non-aromatic ketones, aliphatic or cyclic amides, al- 
kylated aliphatic or cyclic urea derivatives and alipha- 
35 tic or cyclic sulfoxides; or a combination of the compo- 
unds from a) with an organic solvent from b) . 
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According to the present invention, it was surprisingly 
found that the addition of the compounds and/or an or- 
ganic solvent as indicated above, increases the amount of 
5 virus induced a-interferon in leukocytes. Considering the 
different species in the case of the mouse Lpa cells and 
the different cell source in the case of the lymphoblas- 
toid cell line, and considering the lack of consistency 
between the different cell systems in the experiments 

10 described above, it was surprisingly found that theophyl- 
line as well as a solvent such as dimethylsulf oxide en- 
hanced the production of a-interferon in virus induced 
primary leukocytes. Also, the pyrimidine derivative 2- 
amino-5-bromo-6-methyl-4-pyrimidinol (2-ABMP) , was found 

15 to act as an enhancing agent of the a-interferon produc- 
tion according to the present invention using virus indu- 
ced primary leukocytes. Since 2-ABMP did not induce a- 
interferon in the absence of a viral inducer using the 
experimental system described in this invention, the 

20 mechanism for enhancement is obviously different for the 
in vivo a-interferon induction described in the literatu- 
re, as compared to the a-interferon production enhancing 
effect of this substance observed in the present inven- 
tion. This further strengthens the evidence that diffe- 

25 rent mechanisms are in effect in different human cell 
systems, and indicates the unpredictiveness in working 
with additives to cellular systems or organisms. 

As mentioned above several agents have been used as indu- 
30 cers and enhancers in both in vivo systems and in diffe- 

re nt cell culture systems. Since the data in the liter a- 

ture in many cases deviated from the findings in the pre- 
sent invention e.g. the inability for 2-ABMP to act as an 
interferon inducer in the cell system according to the 
35 invention, several unique properties of the cellular sys- 
tem in this invention should be pointed out. Primary 
cells from peripheral blood represent a resting cell po- 
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pulation in contrast to all the other cellular systems 
described for interferon production. The cells are not 
activated or immortalised by virus, as is the case for 
Burkitt's lymphoma cells or so called lyphoblastoid 
5 cells- Nor are they tumor cell lines with their inherent 
genomic instability and dysregulated gene expression. It 
has been shown that within a mixture of leukocytes deri- 
ved from human blood are the monocytes the main producers 
of a-interferon after Sendai virus treatment (Sandberg, 

10 K., Matsson, P. And Aim, G. (1990) J. Immunology 145, 

1015-1020) . Thus, the cells used in this invention differ 
from the established cell lines used for a-interferon 
production with respect to growth state, neoplastic po- 
tential, presence of viral genome and cell type. The ef- 

15 fects of the tested factors are therefore a priori not 
expected ..to vbe the same as for other cell types, with 
differences in dif f erenfc-iation, metabolic state or inter- 
ference from viral genomes . 

20 

Detailed description of the invention 

According to the present invention it was found that ad- 
dition of enhancing agents in the form of theophylline, 
25 2-amino-5-bromo-6-methyl-4-pyrimidinol or thymine and/or 
various organic solvents significantly increases the in- 
terferon production in human leukocytes induced by virus. 
The enhancing agent can increase the interferon yield ei- 
ther alone or in a combination of an organic solvent and 
30 the mentioned compounds. At certain conditions the effect 

o f combining these e nhancing age nts is synergistic , sh ow- 

ing a larger effect than the one obtained using the sub- 
stances separately. 

35 The organic solvents that can be used according to the 
invention are non-aromatic ketones, aliphatic or cyclic 
amides, alkylated aliphatic or cyclic urea derivatives 



8 



and aliphatic or cyclic sulfoxides. As preferred solvents 
can be mentioned acetone, 2-butanone, 1 , 3-dimethyl-2- 
imidazolidinone, dimethylsulf oxide, N-ethyl-2- 
pyrrolidinone, 4-methyl-2-pentanone, N-methyl-2- 
pyrrolidinone (NMP) , 2-pyrrolidinone, tetramethylene sul- 
foxide, N,N-dimethylacetamide, 2-pyrrolidinone. The most 
preferred compounds presented under item a) above with 
respect to interferon production is theophylline and 2- 
ABMP . The most preferred solvent is NMP. 

The virus used can be any virus, but the preferred virus 
is Sendai virus, the most potent inducer of interferon-a 
for purified human leukocytes. 

Leukocyte purification, incubation of the cells and in- 
duction by virus are mainly performed according to the 
original method of Cantell et al. (Cantell, K., Hirvonen, 
S., Kauppinen, H-L. and Myllyla, G. (1981) Methods in En- 
zymology 78, 29-38) . 

The human leukocytes used according to the invention are 
prepared from buffy coats by an initial centrif ugation to 
fractionate the components, followed by sequential re- 
moval of the plasma layer and of the leukocyte fraction 
by suction. Residual red blood cells contaminating the 
leukocyte fraction are lysed twice with 2-4 volumes of 
cold 0.83 % ammonium chloride and each lysis step is fol- 
lowed by centrif ugation to collect the cells. The final 
leukocyte fraction is resuspended in a basal medium, e.g. 
EMF.M (Ragle's minim um essential medium) supplemented with 
polyethylene glycol- ( PEG) -precipitated human plasma. 
PEG-precipitated plasma is prepared by adding PEG 6000 to 
a final concentration of 6 % (w/w) to human plasma. After 
precipitation for 3-5 days in a cold room the supernatant 
is removed and stored frozen until used. The temperature 
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of the incubation medium is set to 36 -37 °C and continu- 
ous stirring is used. Human PEG-precipitated plasma is 
added to a concentration of 1 - 5 % (v/v) , preferably 4 % 
(v/v) . A low amount of a-interferon (normally 100 IU/ml) 
5 is added to the incubation medium as a priming step, but 
other concentrations, up to several thousands of units 
per ml can be used. Human leukocytes are then added to a 
concentration of about 3-15 million cells per mL, pref- 
erably 7-11 million cells per mL. The similar size of 
10 the enhancing effect observed using the different cell 
concentrations makes it probable that the effect can be 
seen also at cell concentrations outside this range. The 
priming step is normally allowed to proceed for 1 - 5 
hours, preferably 1.5 - 2 hours. 

15 Induction of interferon is performed by addition of Sen- 
dai virus, generally 30 mL virus from allantoic fluid per 
litre incubation medium but both smaller and larger 
amounts showed good inducing capacity and the most pre- 
ferred range is 500-2000 hemagglutinating virus particles 

20 per cell. A decrease of the incubation temperature to 

29°C - 32 °C is performed (Morser, J. And Shuttleworth, 
J. (1981) J. Gen. Virology 56, 163-174) after another 1 
to 4 hours, preferable after 1 to 2 hours. 

25 The optimal timing for adding the different enhancing 

agents varies, but in general an increase in a-interferon 

production is seen when the substances are added either 

at the same time as the cells or up to several hours af- 
ter the induction, preferentially close to the time of 

30 the temperature decrease. 
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The concentration range where the additives are effective 
in increasing the interferon production varies between 
the different compounds but for the least toxic solvents 
a positive effect can be seen in the range of 1 mM - 0 . 3 
M, preferably in the range of 3 mM - 50 mM and most pref- 
erably within 5 mM - 20mM. For the more toxic solvents 
the suitable concentration lies within the more limited 
ranges. For the theophylline, 2-amino-5-bromo-6-methyl-4- 
pyrimidinol and thymine the effective range is 5 - 0.5 
mM, preferably 20 \xM - 0.15 mM. After these additions, 
the incubation is allowed to proceed overnight with con- 
tinuous stirring. A centrif ugation step is performed to 
remove the cells and the supernatants are analysed by an 
ELISA to quantify a-interf eron . 

The invention will now be illustrated with the following 
non-limiting examples and with reference to the figures: 

Figure legends 
Figure 1A : 

Effect on a-interferon production in Sendai virus induced 
human leukocytes by addition of different organic sol- 
vents to the incubation medium. The amount of a- 
interferon produced is calculated as percent of a refer- 
ence with no addition of organic solvents (=100 %) . 

Figure IB : 

— E-f-f ee-1^en-a---i-n^e^-f-e^Qn-pr.oduc t - i o n in S an dai virus induced 
human leukocytes by addition of different organic solvents 
in combination with 2-ABMP to the incubation medium. The 
amount of a-interferon produced is calculated as percent 
of a reference with no addition of enhancing agent (=100 
%) - 
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Figure 2 : 

Effect on a-interferon production in Sendai virus induced 
human leukocytes by addition of different purine and 
pyrimidine derivatives at different NMP concentrations. 
5 The amount of a-interferon produced is calculated as per- 
cent of a reference with no addition of enhancing agents 
(=100 %) . 

Figure 3 : 

Effect on a-interferon production in Sendai virus induced 
10 human leukocytes by addition of different amounts of theo- 
phylline at different DMSO concentrations. The amount of 
a-interferon produced is calculated as percent of a refer- 
ence with no addition of enhancing agents (=100 %) . 

Figure : 

15 Effect on a-interferon production in Sendai virus, induced 
human leukocytes by addition of NMP and theophylline to 
the incubation medium in laboratory scale f ermentors . The 
amount of a-interferon produced is calculated as percent 
of a reference with no addition of enhancing agents (=100 

20 %) . 

Table 1 

Effect on a-interferon production of addition of enhanc- 
ing agents, 2-ABMP and DMSO, both to Sendai virus induced 
human leukocytes and to non induced human leukocytes. 

25 Example 1 

a- inter feron production by Sendai virus induced human 

leukocytes after incubation with various organic sol- 
vents . 

Human leukocytes prepared from buffy coats and used in 
30 concentrations between 8 and 11 million cells per mL are 
incubated in a basal media (either EMEM or a modified 
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EMEM) supplemented with 1.5 g/L of tricine and 4 % (v/v) 
PEG precipitated plasma. The experiments are performed in 
a volume of 40 mL medium in 100 mL glass bottles under 
continuous stirring. The cells are primed with 100 IU/mL 
5 a-interferon for 1.5 hours at 37°C before addition of 30 
mL/L Sendai virus. After 1.5 hours the incubation tempe- 
rature is decreased to 30°C and the organic solvents are 
added to the incubation medium. The solvent used are ace- 
tone, .DMSO (final concentration: 5 mL/L), 2-butanone, NN- 

10 dimethylacetamide, NMP, tetramethylene sulfoxide (2.5 
mL/L), TMU (1.5 mL/L), 2-pyrrolidinone (1-25 mL/L), 4- 
metyl-2-pentanone, 1, 3-dimetyl-2-imidazolidinone and N- 
ethyl-2-pyrrolidinone (0.6 mL/L). The incubation is then 
allowed to proceed overnight. The cells are removed by a 

15 centrif ugation step and the supernatants are analysed by 
an ELISA to quantify a-interferon. 
The results are shown in Figure 1A. 

The above incubation conditions are used for the example 
shown in Figure IB, but in this case some of the organic 
20 solvents are combined with 50 to 100 mg/mL of 2-ABMP. 

Example 2 

a-interferon production in Sendai virus induced human 
leukocytes after incubation with purine and pyrimidine 
derivatives , in the absence or presence of an organic 
25 solvent. 

Example 1 is repeated with the same incubation conditions 
but with addition of one purine and two pyrimidine deri- 

vatives either alone or in combination with NMP. The pu- 

rine used is theophylline (50 mg/ml) and the pyrimidines 

30 are 2-ABMP (50 mg/ml) or thymine (14 0 mg/ml) . 

The results are shown in Figure 2. 
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Example 3 

a-interferon production in Sendai virus induced human 
leukocytes after incubation with theophylline and an or- 
ganic solvent at varying concentrations. 

5 The procedure from example 1 is repeated but with addi- 
tion of the organic solvent DMSO and the purine theophyl- 
line. DMSO is added at 2 . 5 mL/L or 5 mL/L. The theophyl- 
line concentration varies between 5 mg/mL to 100 mg/mL. 
The results are shown in Figure 3. 

10 Example 4 

a -interferon production in Sendai virus induced human 
leukocytes incubated in laboratory scale fermentors 

An up-scaling is performed where the results obtained in 
the small scale is used to find suitable conditions for 

15 the laboratory fermentors. Different, experiments are made 
to compare the a-interferon production in a fermentor 
where NMP and theophylline are added with a reference 
fermentor where no enhancing agent is added. The experi- 
ments are performed in laboratory scale fermentors using 

20 2 L medium per vessel. The amount of theophylline is 50 

mg/mL, while NMP varies from 1.75 mL/L to 3 mL/L. The in- 
cubation conditions are in accordance with Example 1. The 
results are shown in Figure 4. 

Example 5 

25 a-interferon production in human leukocytes incubated 
with 2-ABMP and DMSO . Effects of virus induction. 

Example 1 is repeated with the same incubation conditions 
but with addition of 2-ABMP in combination with DMSO . The 
enhancing agents are added both to Sendai virus induced 
30 leukocytes and to non induced leukocytes and the effect 

on the a-interferon production is compared. The 2-ABMP is 
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added at a concentration of 50 mg/ml and the amount of 
DMSO added is 5 mL/L. 

The results are shown in Table 1. 
5 Table 1 



Viral induction 


Enhancing agent 


Yield of a- 
interferon 


Sendai virus (30 
mL/L) 


None 


100 % 


Sendai virus (30 
mL/L) 


2-ABMP (50 ng/mL) 
and DMSO (5 mL/L) 


146 % 


None 


2-ABMP (50 ng/mL) 
and DMSO (5 mL/L) 


< 1 % 



Conclusion 

10 

In the present invention it has been shown that addition 
of different organic solvents as well as different pu- 
rines and pyrimidines reproducibly increases the produc- 
tion of a-interferon in virus induced human leukocytes. 
15 The largest increase is obtained when the purine or 

pyrimidine derivatives are combined with an organic sol- 
vent . 
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Claims 

1. A process for the production of a-interferon com- 
prising the steps: 

5 i) inducing of human leukocytes by means of a virus, 

ii) treating . the leukocytes with an enhancing agent se- 
lected from 

a) theophylline, 2-amino-5-bromo-6-methyl-4-pyrimidinol 
and thymine; 

10 b) an organic solvent selected from the group consisting 
of non-aromatic ketones, aliphatic or cyclic amides, al- 
kylated aliphatic or cyclic urea derivatives and alipha- 
tic or cyclic sulfoxides; or- a combination of the compo- 
unds from^a ) with an^organac s©*L*ve>n4: „f rom^b)-. 

15 

2. A ^process according^to claim* !, charaoterized in 
tha*t , the leukocytes are mo/nocytes*. 

3. A pr-oeeos according- , -to claim 1 or 2, characterized 
20 in that the enhancing agent is added at the same time or 

up to 4 hours after the virus induction. 

4. A process according to claim 1-3, characterized in 
that the virus is Sendai virus. 

25 

5. A process according to claim 1-4, characterized in 
that, the organic solvent is any of acetone, 2-butanone, 

1, 3-dimethyl-2-imidazolidinone, dimethylsulf oxide, N- 
et hy 1-2 -pyrrol idinone , 4-methyl-2-pentanone, N -me thy 1-2- 
30 pyrrolidinone> 2-p yrrolidinone, tetramethylene sulfoxide , 
N, N-dimethylacetamide, 2-pyrrolidinone . 

6. A process according to claim 5, characterized in 
that the enhancing agent is theophylline. 

35 



16 

7. A process according to claim 7, characterized in 
that the enhancing agent is 2-amino-5-bromo-6-methyl-4 - 
pyrimidinol. 

5 8. A process according to claim 1-4, characterized in 
that the solvent is N-methyl-2-pyrrolidinone . 
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Abstract 

A process for the production of a-interferon com- 
prising the steps : 
5 i) inducing of human leukocytes by means of a virus, 

ii) treating the leukocytes with an enhancing agent se- 
lected from 

a) theophylline, 2-amino-5-bromo-6-methyl-4-pyrimidinol 
and thymine; 

10 b) an organic solvent selected from the group consisting 
of non-aromatic ketones, aliphatic or cyclic amides, al- 
kylated aliphatic or cyclic urea derivatives and alipha- 
tic or cyclic sulfoxides; or a combination of the compo- 
unds from a) with an organic solvent from b) . 
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Effect of organic solvents on the ct-IFN production in 
Sendai virus induced human leukocytes 




Figure 1A. 



Effect on a-lFN production in Sendai virus induced human 
leukocytes by different organic solvents combined with 2-ABMP 
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Figure IB. 
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Effect of increasing amounts of theophylline at different DMSO 

concentrations 
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Figure 3. 
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Effect of NMP and theophylline on a-lFN production in Sendai virus 
induced leukocytes incubated in laboratory fermentors. 
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Figure 4. 
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